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APPARATUS FOR OBTAINING DATA 
ON THE THREE-DIMENSIONAL SHAPE 

This application is based on Japanese Patent Application No. 
5 151046/1999 filed on May 31, 1999, the contents of which are 
incorporated herein by reference. 

BACKGROUND OF THE TNVENTTON 
Field of the Invention 

10 The present invention relates to an apparatus for obtaining data 

on the three-dimensional shape of an object. 
Description of the Prior Art 

Conventionally, apparatuses constituted of a rotation stage, a 
three-dimensional camera and a computer, etc. have been known as a 

15 device for obtaining data on the three-dimensional shape indicating the 
entire periphery of an object (subject) having a three-dimensional shape. 

The rotation stage is provided with a turn table that can rotate 
around the vertical axis, and an object is placed on this turn table. The 
three-dimensional camera is installed outside of the rotation stage so as 

20 to pick up an image of the object on the rotation stage. 

Upon obtaining data on the three-dimensional shape indicating 
the entire periphery of the object, an image-pick-up process is carried 
out by rotating the rotation stage at every appropriate angles so as to 
change the relative positional relationship between the object and the 

25 three-dimensional camera. Thus, data on the three-dimensional shape 
taken in a plurality of pick-up directions are obtained with respect to the 
object. An image based on the data on the three-dimensional shape 
taken in the respective pick-up directions are displayed on a monitor 
screen connected to the three-dimensional camera or the computer. 

30 Each of the data on the three-dimensional shape indicates a part of the 



object. The user is allowed to watch the monitor screen and confirm 
the obtaining status of the respective data on the three-dimensional 
shape. 

Upon completion of the image-pick-up process, the pieces of data 
5 on the three-dimensional shape obtained in relation to the respective 
image-pick-up directions are combined and data on the three- 
dimensional shape indicating the entire shape of the object are made up. 
In order to combine the pieces of data on the three-dimensional shape 
into the entire shape of the object, exclusively-used utility software is 

10 adopted and calculations are carried out based upon information with 
respect to the rotation angle position of the rotation stage, etc. 

Here, in the above-mentioned conventional apparatus for 
obtaining data on the three-dimensional shape, during respective image- 
pick-up stages for picking up images in the respective pick-up directions, 

15 pieces of the data on the three-dimensional shape in the respective pick- 
up directions can be confirmed piece by piece by operating, for example, 
a radio button, etc.; however, it is not possible to recognize the entire 
image of the data on the three-dimensional shape that have been already 
obtained at the respective points of time. In other words, it is not until 

20 the above-mentioned composition process has been completed after the 
image-pick-up process that the entire image of the data on the three- 
dimensional shape is confirmed. 

For this reason, even if there is any portion of the object, the 
image of which has not been picked up, that is, even if there is any 

25 unobtained data, it is not possible to confirm such unobtained data 

during the image-pick-up process. In such a case, the image-pick-up 
process for the object has to be carried out all over again. 

Moreover, in contrast, another problem is that any portion thereof, 
the image of which has already been picked up, is again subjected to an 

30 image-pick-up process in an overlapped manner, with the result that 
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redundant data on the three-dimensional shape are obtained. In this 
case, wasteful time might be consumed for the overlapped pick-up 



processes and other processes. 
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SUMMARY OF THE INVENTION 



An object of the present invention is to provide an apparatus 
which makes it possible to confirm the entire image of obtained data on 
the three-dimensional shape easily and also to easily carry out the 
obtaining process of the data on the three-dimensional shape positively 

10 without wasteful time and processes. 

In accordance with one preferred embodiment of the present 
invention, an apparatus for obtaining data on the three-dimensional 
shape is provided with: a device for producing data on the three- 
dimensional shape of an object; a display device for displaying an image 

15 based on the produced data; a viewpoint variator for changing a 

viewpoint of an image displayed on the display device; and a position 
changer for changing the relative positional relationship between the 
object and the producing device in accordance with the viewpoint change 
of data on the three-dimensional shape by the viewpoint changer. 

20 These and other objects, features and advantages of the present 

invention will become apparent upon consideration of the following 
detailed description of the invention when read in conjunction with the 
drawing figures. 



Fig. 1 is a drawing that shows the structure of an apparatus for 
obtaining data on the three-dimensional shape in accordance with one 
embodiment of the present invention; 

Fig. 2 is a drawing that shows an example of the contents 
30 displayed on a display screen. 
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BRIEF DFSCRIPTION OF THE DRAWINGS 
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Figs. 3A and 3B are drawings that explain the method for using 



the apparatus for obtaining data on the three-dimensional shape. 

Fig. 4 is a flow chart showing a sequence of obtaining process of 
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data on the three-dimensional shape. 

Fig. 5 is a flow chart showing a first variation of the process of 



obtaining data on the three-dimensional shape. 

Fig. 6 is a flow chart showing a second variation of the process of 
obtaining data on the three-dimensional shape. 

Fig. 7 is a flow chart showing a third variation of the process of 
10 obtaining data on the three-dimensional shape. 

Fig. 8 is a flow chart showing a fourth variation of the process of 
obtaining data on the three-dimensional shape. 



three-dimensional shape comprises a three-dimensional camera 11, a 
manipulator 12, a rotation stage 13 and a host computer 14. 

The three-dimensional camera 11 picks up images of an object Q 
that is a subject of data obtained, and produces data QI on the three- 
20 dimensional shape of the object Q based on the picked-up images. 

Moreover, the camera 1 1 is also provided with a built-in image sensor 
for picking up two-dimensional images QY of the object Q, and capable 
of outputting the two-dimensional image QY simultaneously with the 
output of the data QI on the three-dimensional shape. The two- 
25 dimensional image QY and the data QI on the three-dimensional shape 
are allowed to be picked up from the same light-receiving axis, that is, 
from the same viewpoint. 

__V^The manipulator 12 includes an arm 12a, a base_jmr.tie«-t-ib and a 



DESCRIPTION OF THE PREFERRED EMBODIMENTS 
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As illustrated in Fig. 1, an apparatus 1 for obtaining data on the 




signal SI outputted from the host computer 14, the control device 12,c 
controls and drives the arm 12a and the base portion 12b. Tl 
manipulator 12 is operated so that the image-pick^u^-'position and pick- 
up direction of the camera 1 1 cajiJ^^-^rtTn^olled. In particular, images 
of the object Q can!:x©'T5Tcked up not only from the front side or the 
profile sid^^-^tTutalso from the top thereof, with the camera 11 shifted to 
a desi^f^ position within a vertical plane. With respect to such a 
__,.mipulator 12, various kinds of those known in the art may be used. 
\^ The rotation stage 13 includes a turn table 13a, a driving devic( 
10 13b and a control device 13c. The turn table 13a is a round pla>€<uiat is 
rotatable around a rotation axis J2 in the vertical directiop<^nd the 
object Q is placed thereon. The driving device l^Jd^is provided with a 
motor, a gear, the rotation axis J2 and a rot^^ti^-angle detector, etc. 
Based upon an instruction signal S2 oat^tted from the host computer 14, 
15 the control device 13c drives thp'^iving device 13b. When the turn 
table 13a is rotated, the o>j^t Q placed thereon is also rotated so that 
the positional relatipilship between the object Q and the camera 11 is 
changed. By cxmtrolling the rotation stage 13 and the manipulator 12, 
images of^tlle object Q can be picked up by the camera 11 from desired 
20 direj3<ions, and data QI on the three-dimensional shape of the object Q 
ia,n be produced from a plurality of desired directions. 

The host computer 14 includes a main body 14a, a display device 
14b, an input device 14c, etc. 

The main body 14a includes a central processing unit (CPU) and 
25 peripherals such as ROMs, RAMs, and other peripheral elements, as well 
as appropriate hard ware circuits, a hard disk drive, a magneto-optical 



disk drive and a CD-ROM drive, etc. 



^ N ^The CPU functions as a composer 141 to integrale^a^phjjjji^^ 



pieces of dataQX-Xui-4h-e-thTee- dimensional shape inputted from the 
30 cajj^er^^Tl converting them into data QZ on the three-dimensional shape 
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based on one coordinate system in cooperation with the periphei 
The CPU also functions as a viewpoint varij^taj:_14.3-^^ the 
viewpoint of theirn^^£--eir-tire'ni^ shape displayed on the 

disjiia-y^evice 14b variable in accordance with an operation by the user. 

Various programs such as an OS program, an interface 
utility programs and application programs are instaJJ-e^HlTuie hard disk, 
and these programs are exe.iUi-te-dHTyTTTec processing unit so that 

the composerJ<4d^nd the viewpoint variator 142, which were described 
above^^^^^d a GUI (graphical user interface), which will be described 
Ig^^er, are achieved. 

The input device 14c includes a mouse, a keyboard, etc. On the 
display screen HG of the display device 14b, the following images, etc. 
are displayed: an image based on the data QI on the three-dimensional 
shape obtained by picking up images of the object Q, an image QX based 
on the data QZ on the three-dimensional shape obtained by composing 
these data QIs, a virtual rotation stage image 13Z which will be 
described later, and various other images or characters. Moreover, the 
image QX based on the data QZ on the three-dimensional shape and the 
virtual rotation stage image 13Z thus displayed can be rotated on the 
screen by operations of the input device 14c. 

It is also possible to give an instruction signal directly to the 
control device 13c or the control device 12c by operating the input 
device 14c so as to rotate the turn table 13a or move the arm 12a and the 
base portion 12b. 

Next, an explanation will be given to functions realized by the 
GUI of the host computer 14. 

Fig. 2 shows an example of the contents of a display given on the 
display screen HG. 

As illustrated in Fig, 2, a virtual rotation stage image 13Z, an 
image QX based on the data QZ on the three-dimensional shape and a 



two-dimensional image QY are displayed on the display screen HG. 
Here, the user can operate the input device 14c so as to switch these 
images between the displayed state and non-display state. 

With respect to the virtual rotation stage image 13Z, an image is 
5 formed by imitating the real turn table 13a and the driving device 13b 
through CG (computer graphics) and this image is displayed on the 
display screen HG. On the display screen HG, the virtual rotation stage 
image 13Z is displayed in a similar manner to an image obtained by 
picking up the turn table 13a by the three-dimensional camera 11. 

10 The user is allowed to rotate the virtual rotation stage image 13Z 

on the display screen HG by shifting the cursor using the mouse, or 
giving numerical instructions through the keyboard, or other methods. 
For example, the cursor is placed on the virtual rotation stage image 13Z 
and dragged in a rotation direction by using the mouse. Then, the 

15 virtual rotation stage image 13Z is rotated in accordance with the 
direction and amount of the drag. 

\^ When the virtual rotation stage image 13Z is rotated, an^ 
instruction signal S2 is outputted from the central process^n^unit of the 
main body 14a to the control device 13c. Thus, tlj^e-^iving device 13b 

20 drives and rotates the turn table 13a in syjiphfonism with the movement 
of the virtual rotation stage image-^^Z. In other words, the rotation of 
the virtual rotation stagp^rmage 13Z is synchronous to the rotation of the 
actual turn tableJ>3^so that the image state of the virtual rotation stage 
image 1 3Z^d'i'splayed on the display screen HG and the image state of the 

25 turn Uitrfe 13a picked up by camera 1 1 are controlled so as to be 
co^cident with each other. 

The image QX based on the data QZ on the three-dimensional 
shape is an image obtained by composing the data QIl, QI2 and the like 
on the three-dimensional shape obtained by the image-pick-up from 

30 different directions with respect to the object Q. The composing 



process is carried out each time an image-pick-up is carried out in each 
of the image-pick-up directions, with the result that the latest image thus 
composed is displayed on the display screen HG. 

For example, upon completion of the first image-pick-up, an 
5 image QXl based on the data QZl on the three-dimensional shape 

consisting of only the resulting data QIl on the three-dimensional shape 
is displayed on the display screen HG. Upon completion of the second 
image-pick-up, an image QX2 based on the data QZ2 on the three- 
dimensional shape obtained by composing the first data QIl on the 
10 three-dimensional shape and the data QI2 on the three-dimensional shape 
resulting from the second image-pick-up is displayed. Upon 
completion of the third image-pick-up, an image QX3 based on the data 
QZ3 on the three-dimensional shape obtained by composing the data QIl, 
QI2, QI3 on the three-dimensional shape of three times is displayed. 
15 The image QX based on the data QZ on the three-dimensional 

shape is displayed on the display screen HG in a state where it is placed 
on the virtual rotation stage image 13Z in the same manner as the object 
Q placed on the turn table 13a. Thus, the image QX is allowed to rotate 
together with the rotation of the virtual rotation stage image 13Z. In 
20 other words, the viewpoint of the display of image QX is controlled in 

such a manner that the viewing-line direction of the image QX displayed 
on the display screen HG and the image-pick-up direction of the object Q 
by the camera 1 1 are always made coincident with each other. 
^^J^ In the same manner as the case in which the virtual rotatiori..3^gr^' 

25 image 13Z is rotated, it is possible to controPthej^ 12 by 

operating the mouse or giving nurngxie-a+instructions through the key 
board. In accordan^A'-wtffi'the operation of the input device 14c, an 
instruction signal SI is outputted from the central processing unit of the 
main bad^ 14a to the control device 12c so that the arm 12a and the base 
30 portyon 12b are driven. This makes it possible to pick up images of the 
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n h j rriH^---iT rn ii nh o v o by th e ca mera IJ 

Here, images of the manipulator 12 and the camera 11 normally 
are not displayed on the display screen HG; however, in the same manner 
as the case of the virtual rotation stage image 13Z, those virtual images, 
5 or icons, may be displayed by means of CG. In this case, the 

instructions for the direction and amount of shifting of the manipulator 
12 can be given by dragging the virtual images. 

Therefore, the virtual image on the display screen HG is operated 
by using the input device 14c so that the rotation stage 13 and the 
10 manipulator 12 are controlled; thus, the relative positions between the 

camera 11 and the object Q can be variably changed to a desired state so 
that an image of the object Q is picked up by the camera 1 1 from a 
desired position. 

As illustrated in Fig. 2, a whole-image window 21 is placed on 
15 the upper left of the display screen HG. In the whole-image window 21, 
the above-mentioned two-dimensional image QY is displayed. The 
two-dimensional image QY is a monitoring image of the object Q picked 
up by the camera 11. By comparing the two-dimensional image QY and 
the image QX based on the data QZ on the three-dimensional shape, it is 
20 possible to easily confirm whether or there is not any unobtained image 
QZN in the data QZ on the three-dimensional shape. 

Figs. 3A and 3B are explanatory drawings that show how to use 
the apparatus 1. Referring to Figs. 3 A and 3B, an explanation will be 
given of an obtaining method for data on the three-dimensional shape 
25 along the entire circumference of the object Q. 

First, as illustrated in Fig. 3A, an image of the object Q is picked 
up from the front side by the camera 11. Consequently, the image QXl 
based on the data QZl on the three-dimensional shape is displayed on the 
display screen HG, 

30 Next, the virtual rotation stage image 13Z is rotated through the 



operation of the input device 14c. In this case, it is supposed to rotate 
by 180-degree. In synchronism with this rotation, the rotation stage 13 
is rotated around the rotary shaft J2. The relative positional 
relationship between the camera 11 and the object Q is changed by 180 
5 degrees with respect to the previous image-pick-up position so that it 
becomes possible to pick up an image of the object Q from behind. 
Thus, the image of the object Q is picked up from behind by operating 
the input device 14c. 



10 by image-pick-up processes from the front and rear of the object Q, are 
composed, with the result that the image QX2 based on the data QZ2 on 
the three-dimensional shape [see Fig. 3B] is displayed on the display 
screen HG. Here, at this time, the image QX2 is displayed in the same 
viewing direction and in the same state as the previous image-pick-up 

15 state. 

The user operates the input device 14c so as to rotate the virtual 
rotation stage image 13Z and the image QX2 of the data QZ2 on the 
three-dimensional shape. When the image QX2 is rotated, unobtained 
image in the data QZ2 on the three-dimensional shape is clearly observed, 
20 if any. If any unobtained image exists in the data QZ2 on the three- 
dimensional shape, the image QX2 is rotated so that the portion in 
question frontally faces on the display screen HG, or so that it is well 
observed. At this time, the user can refer to the two-dimensional image 
I QY displayed on the whole-image window 21. 



Then, the data QIl, QI2 on the three-dimensional shape, obtained 
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In other words, for example, as illustrated in Fig. 3B, the user can 
put the unobtained image portion QZN on the display screen HG so as to 
be properly viewed, and pick up an image thereof in this state. Thus, 
data on the three-dimensional shape of the unobtained image portion 
5 QZN is properly obtained. 
5^ia 1^ Q \ As described above, the whole image of the data QZ on tl 

three-dimensional shape which has been already produced ajKi inputted 
can be confirmed even during an image-pick-up stage s^o^hat it is 
possible to easily confirm the presence of any up-erBtained image portion 
10 QZN, or the state, position, etc. thereof^^^^^^Moreover, by bringing the 
image QX displayed on the displaj^s^een HG to a desired state for 
image-pick-up, an actual im^-^e is readily picked up in this state; 
therefore, it is possjM^to easily obtain required data QI on the three- 
dimensionaj^^sliape positively. Consequently, it becomes possible to 
15 easji5^arry out the producing and input process of data QI on the three- 
-dimensional shape positively without any unobtained data. 

Next, referring to a flow chart, an explanation will be given of 
the outline of the entire processes and operations in the apparatus 1. 

Fig. 4 shows a flow chart of the processing of data on the three- 
20 dimensional shape carried out by the host computer 14. 

In Fig. 4, first, a calibration process is carried out in accordance 
with an instruction from the input device 14c (#1). This calibration 
process is a process for making the coordinate system of the virtual 
rotation stage image 13Z coincident with the coordinate system of the 
25 actual rotation stage 13 (turn table 13a). 

With respect to the calibration process, for example, a method is 
proposed in which: two calibration boards, combined so as to intersect 
with each other on the rotation axis J2, are placed on the rotation stage 
13, and these are measured by the camera 11. Alternatively, another 
30 method is proposed in which: a calibration chart or the like is placed 
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within a space in which the camera 1 1 is capable of obtaining data of 
three-dimensional shape, and the arm 12a is shifted to several measuring 
points from which the calibration chart is measured so as to confirm the 
coordinate system from the results thereof. 

Next, when a notice that an object Q is placed on the rotatio; 



stage 13 is sent from the user (#2), and an image is pickedy^-'^ the 
camera 1 1 and its data QI on the three-dimensimxa4'''sTiape is inputted to 
the computer 14 (#3). The inputt^ji-dsTaQI on the three-dimensional 
shape is composed asjiatS^Z and displayed on the display screen HG as 
10 image QX;^^.,.--Jfere, a two-dimensional image QY is also displayed 
the5^''^(#4). 

The user compares the two-dimensional image QY and the image 
QX so as to confirm whether or not there is any unobtained image QZN. 
In other words, after viewing the image QX, the user makes a decision as 
15 to whether or not the data input is sufficient. When receiving a notice 
from the user that the data QZ on the three-dimensional shape is 
sufficient (yes at #5), the process is complete. 

In the case when the data QZ on the three-dimensional shape is 
insufficient (no at #5), after the input device 14c has been operated, the 
20 virtual rotation stage image 13Z is rotated (#6). According to the 
rotation of the virtual rotation stage image 13Z, the turn table 13a is 
rotated or the manipulator 12 is shifted (#7). Consequently, two- 
dimensional image QY and image QX, updated in their viewing 
directions, are displayed on the display screen HG (#8). 

\ After the image-pick-up position of the camera 1 lhas,. 

determined (yes at #9), data on the th£eej:dij33^«-st5n^ is again 

inputted from the camer^--H"'(W3), and the above-mentioned process is 
repeated untiHJa-e'laser has made a decision that the data on the three- 
dimen>tt5rial shape is sufficient and has given a notice thereof (yes at 

30 #yy 
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Some variations of the data processing will be explained next. 

Fig. 5 is a flow chart showing a first variation of the data 
processing on the three-dimensional shape. 

In the first variation, the virtual rotation stage image 13Z is first 
5 rotated. After confirming the position of the virtual rotation stage 
image 13Z, the real turn table 13a is then rotated. 

In Fig. 5, steps #11-15 are the same as the steps #1-5 shown in 

Fig. 4. 

In the case when the data QZ on the three-dimensional shape is 
10 insufficient (no at #15), the input device 14c is operated so as to move 
the virtual rotation stage image 13Z (#16). The turn table 13a and 
manipulator 12 are not moved at that time. Consequently, image QX 
based on data QZ on the three-dimensional shape, updated in the viewing 
direction, is displayed on the display screen HG (#17). 
15 After the image-pick-up position of the camera 1 1 has been 

determined and a notice thereof has been given (yes at #18), the turn 
table 13a and manipulator 12 are moved in accordance with the position 
(#19), thereby two-dimensional image QY, updated in the viewing 
direction is displayed on the display screen HG. 

Data on the three-dimensional shape is again inputted from^-tir^' 
camera 11 (#13), and the above-mentioned£ri2ixe.s-s-4-s-Tep^ until the 
user has made a decXsieir'tlTaTThe data on the three-dimensional shape is 
sufXijc+errr'and has given a notice thereof (yes at #15). 

Fig. 6 is a flow chart showing a second variation of the data 
25 processing on the three-dimensional shape. 

In the second variation, the input device 14c is operated so as to 
rotate the turn table 13a. In synchronism with the rotation of the turn 
table 13a, the virtual rotation stage image 13Z is rotated. 

In Fig. 6, steps #21-25 are the same as the steps #1-5 shown in 

30 Fig. 4. 
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In the case when the data QZ on the three-dimensional shape is 
insufficient (no at #25), the input device 14c is operated so as to rotate 
the turn table 13a or shift the arm 12a and the base portion 12b (#26). 
In synchronism with the rotation of the turn table 13a, etc., the virtual 
rotation stage image 13Z is rotated. Consequently, image QX based on 
data QZ on the three-dimensional shape, updated in the viewing 
direction, is displayed on the display screen HG (#27). 



Fig. 7 is a flow chart showing a third variation of the data 
processing on the three-dimensional shape. 

In the third variation, the turn table 13a is first rotated. After 
confirming the position of the turn table 13a, the virtual rotation stage 
image 13Z is then rotated. 

In Fig. 7, steps #31-35 are the same as the' steps #1-5 shown in 

Fig. 4. 

In the case when the data QZ on the three-dimensional shape is 
insufficient (no at #35), the input device 14c is operated so as to rotate 
the turn table 13a or shift the arm 12a and the base portion 12b (#36). 
The virtual rotation stage image 13Z is not rotated at that time. 

After the image-pick-up position of the camera 11 has been 
determined and a notice thereof has been given (yes at #37), the virtual 
rotation stage image 13Z is rotated in accordance with the position, and 
the display of the image QX based on the data QZ on the three- 
dimensional shape is updated (#38). 
SO ^ ^^^^^-©•ai^a-Tm-i4re"ThTe^ 
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camera 11 (#33), and the above-mentioned pro cess is repeatec 
user has ma^e^^ji^G^-STTrrrTFTaFthe data on the three-dimensional shape is 
su£fi^Tent and has given a notice thereof (yes at #35). 

Fig. 8 is a flow^ chart showing a fourth variation of the data 
processing on the three-dimensional shape. 

In the fourth variation, a three-dimensional camera held by hand 
and a magnetic sensor for detecting the position of the camera are 
combined so as to obtain the data on the three-dimensional shape plural 
times from the different direction without a turn table. 

In other words, a three-dimensional camera is held by hand and 
shifted instead of rotating a turn table as the second and third variations. 
The position of the camera is detected by the magnetic sensor and the 
virtual rotation stage image 13Z is rotated in accordance with the 
detection output. 

In Fig. 8, an object is picked up by the camera 1 1 held by hand-stT^ 
as to produce data QI on the three-dimensional shagg^^a-n'd'The data are 
inputted from the camera 1 1 to the compa^'ri4 (#41). The inputted 
data QI on the three-dimengieiT^rshape are combined as the data QZ and 
then displayed^ji>rtre display screen HG as the image QX on the three- 
20 dimen^ietTal shape. Two-dimensional image QY is also displayed 

A user compares the two-dimensional image QY and the image 
QX to check whether there is any unobtained portion QZN, that is, the 
user makes a decision whether the data input is sufficient by checking 
25 the image QX. When receiving a notice from the user that the data QZ 
on the three-dimensional shape is sufficient (yes at #43), the process is 
complete. 

In the case when the data QZ on the three-dimensional shape is 
insufficient (no at #43), the camera 1 1 held by hand is shifted (#44) so as 
30 to rotate the virtual rotation stage image 13Z in accordance with the 
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position, and the display of the image QX based on the data QZ on the 



has gi>en a notice thereof (yes at #43). 

In the step #45, it is not realistic to update the display of the 
10 image QX based on the data QZ on the three-dimensional shape when the 
camera 1 1 is shifted. Instead, the display of the image QX can be 
updated according to the manual operation indicating determination of 
the position of the camera 11. 



15 field angle may be used as the three-dimensional camera 1 1 so that the 
manipulator 12 is omitted, or the manipulator 12 may be omitted 
depending on the shape, etc. of the object Q. Moreover, it is also 
possible to omit the rotation stage 13 by increasing the degree of 
freedom of the manipulator 12. 

20 In the above-mentioned embodiment, the entire construction of 

the data on the apparatus 1 or the constructions of the respective parts, 
the contents of the processes, the sequence of the processes, etc. may be 
appropriately changed within the scope of the present invention. 



25 image, produces data on the three-dimensional shape, and outputs the 

data to the computer 14. However, the camera 1 1 may output the image 
data obtained by image-picking-up. In that case, the computer 14 
produces data on the three-dimensional shape based on the image data. 



30 image by visible light. However, it may pick up an image by invisible 




In the above-mentioned embodiment, a camera having a wider 



In the embodiments mentioned above, the camera 1 1 picks up an 



The camera 1 1 in the above-mentioned embodiments picks up an 
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electromagnetic wave, or it may be of non-optical type. 
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